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One of th e  m ost ac tua l task s  of m o d em  oncology is to  recognize th e  
m u tu a l effect o f tu m o u r an d  organism  [13]. This com plex of problem s com prises 
am ong o thers, th e  m echanism  responsible fo r th e  origin an d  d is tr ib u tio n  o f 
tu m o u r m étastasés.

I t  is a  well know n fac t th a t  tu m o u r m étastasés in  th e  sp leen  occu r b u t  
in freq u en tly  [1, 7, 9, 25 e tc .] . Yokohata  (1927), s tudy ing  serial sec tions o f  th e  
spleen, could d em o n stra te  m icroscopic m é tastasés  in  34 per cen t o f  su b jec ts  
dy ing  w ith  cancer. In  th e  au topsy  m a te ria l of th is  d ep artm en t 11 m acroscopic 
splenic m étastasés b y  w ay of th e  blood s tre a m  were found am ong 940 carci
nom as enco u n tered  in  13.300 autopsies [10], an  incidence of 1.17 p e r cent. 
O n th e  basis o f sim ilar observations a n d  certa in  anim al ex p erim en ts  th e  
possib ility  o f a  tu m o u r inh ib ito ry , defensive func tion  of th e  sp leen  h a d  long 
been  raised  [2, 6, 7, 12, 18], b u t i t  can  s till n o t he considered as clarified. 
O n th e  o th e r h a n d , th e  m echanistic th e o ry  o f th e  d istribu tion  o f  m e ta s ta tic  
tu m o u rs  [24, 3, 19] a ttach es im portance  solely to  h yd rodynam ical fac to rs 
in  th e  origin of splenic m étastasés.

In  previous stud ies i t  was found  th a t  a B row n-Pearce cancer cell suspension  
ad m in iste red  in traca rd ia lly  in to  th e  le ft v en tric le  results in  w idely  d is tr ib u te d  
m étastasés ; in  th e  spleen, however, no m étastasés  occurred in  a n y  o f th e  cases. 
In  exp erim en ta l generalized carcinosis, ow ing to  th e  com plete la ck  o f splenic 
m étastasés, we h ad  to  consider i t  an  open  question  w hether in tra sp len ic  car- 
cinolysis or tran sp len ic  passage of cancer cells occurs [11]. To a p p ro a c h  th is  
question  a  m eth o d  has been elabora ted  a n d  i t  is th e  purpose of th is  p a p e r to  
rep o rt th e  deta ils  o f such experim ents.

M ethods

To d e te rm in e  w h e th er o r n o t tu m o u r cell em boli pass th rough  th e  sp leen , i t  seem ed 
n ece ssa ry  to  exam ine  b o th  blood from  th e  sp len ic  v e in  an d  a suspension of sp len ic  tissu e . I t  
was fu r th e r  in te n d e d  to  liga te  th e  h ep atic  a r te ry , a n d  th e n  to  in jec t a tu m o u r cell suspension 
in to  th e  a r te r ia l  b lood , supposing th a t  i f  th e  liv e r  w as com pletely  e lim inated  fro m  th e  a rte ria l 
c ircu la tio n  a n d  in  sp ite  o f th is  m étastasés  w ould occur in  th e  liver, th e y  can  o r ig in a te  solely
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from  tu m o u r cell em boli c a rried  th e re  b y  th e  p o rta l ve in . T h is  p ro jec t h ad , how ever, to  be g iv en  
u p  as e lim ination  o f th e  liv e r  from  th e  a rte ria l c ircu la tio n  can  h a rd ly  be realized  in  th e  ra b b it .

B lood from  th e  sp len ic  v e in  has been tak e n  fro m  ra b b its  laparotom ized u n d e r su p e r
f ic ia l e th e r  anaesth es ia  a  few  seconds a fte r  1,5 m l o f a  20 p e r  cen t fresh  B row n-Pearce can cer 
cell suspension in  s te rile  physio logical saline had been in je c te d  in to  th e  left ven tricle . T he tu m o u r 
cell suspension  was p re p a re d  from  living tu m o u r tissue  o f ra b b its  in  w hich 18 to  20 days e a r lie r  
B row n-P earce  cancer h a d  been  in tra tes ticu la rly  tra n s p la n te d . B lood from  th e  sp lenic v e in  w as 
ta k e n  e ith e r  b y  p u n c tu r in g  th e  v e in  w ith  a th in  can n u la  o r  b y  incising it,  tak in g  th e  g re a te s t  
care  n o t  to  in ju re  th e  a r te ry . T he slowly trick ling  b lood  h a d  been collected w ith  a  sy rin g e  
co n ta in in g  0,5 m l o f  a  3,8 p e r  cen t sodium  c itra te  so lu tio n . A fte r ob tain ing  2 o r a t  m o st 
3 m l o f  blood, 1 m l o f  o f  th e  b lood-citra te  m ix tu re  h a s  b e en  im m ed ia te ly  in jec ted  in to  th e  v e in  
o f  tw o  (in  one in s tan c e  o f  th re e )  o th e r rab b its.

Im m ed ia te ly  th e re a f te r  th e  spleen was rem o v ed  a n d  a  20 p e r cent suspension in  s te rile  
physio logical saline so lu tio n  p rep ared  from  it.  V olum es o f 0,5 m l o f th e  suspension w ere in je c t
ed  w ith in  th e  sh o rte st possib le  tim e  in to  each of th e  te s tic le s  o f o th er rab b its .

A ll in  all 6 ra b b its  w ere in jec ted  in tra ca rd ia lly  w ith  th e  tu m o u r cell suspension. T h e  
b lood  from  th e  sp lenic  v e in  o f th ese  anim als was in tra v e n o u s ly  in jec ted  in  o th e r  13 ra b b its ,  
w hile fu r th e r  9 ra b b its  w ere  g iven  th e  spleen suspension .

Results

T he fa te  of th e  13 ra b b its  in travenously  in jec ted  w ith  venous blood w hich  
passed  th ro u g h  th e  sp leen  of o ther rab b its  in to  th e  left ventricle of w hich  a 
tu m o u r cell suspension  h a d  been in jec ted , w as as follows. One ra b b it d ied  
spon taneously  a fte r  tw o , an o th er one after th re e m o n th s . In  the first an im al an  
in te rc u rre n t illness occurred  and  no m étastasés could  be detected  a t a u to p sy , 
w hile in  th e  o th e r num erous and  widely d is tr ib u te d  m étastasés were revealed . 
T he rem ain ing  11 ra b b its  w ere sacrificed 30 days a f te r  th e y  had been in jec ted  
w ith  b lood from  th e  splenic vein. M étastasés occu rred  in  the  organs of e igh t 
ra b b its  ; in  th ree  an im als  no m étastasés could  be  ascertained. A ccord ingly , 
in jec tio n  of venous b lood  w hich had  passed th e  sp leen  led to  tu m o u r fo rm atio n  
in  9 o u t of 13 ra b b its  (Table I).

T A B L E  I

Group N um ber o f rab b its Cancer produced

R a b b its  in je c te d  w ith  blood of
splenic v e in 1 3 9

R a b b its  in je c te d  w ith  spleen sus-
pension 9 1

F rom  am ong th e  9 rab b its  trea ted  in tra te s tic u la r ly  w ith  spleen suspension , 
one d ied  sp o n taneously  a fte r  19 days, an o th e r a f te r  6 weeks and  a th ird  one 
a f te r  8 weeks. T u m o u r developed only in  th e  firs t an im al, in  th e  testic le  o f  
w hich  v iab le  B row n-Pearce cancer tissue could  be  found  h u t no m étastasés  
w ere form ed. The o th e r  six  rab b its  were k illed  30 day s a fte r injecting  th e  spleen
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suspension. M acroscopic tu m o u r  tissue could be found  n e ith e r in th e  te s te s , 
n o r in  o ther organs. B o th  te s te s  of all anim als were sub jec ted  also to  m icro
scopic exam ination  b u t no v iab le  tu m o u r tissue could be dem o n stra ted  in  an y  
of them . A ccordingly, a f te r  in tra te s tic u la r  ad m in is tra tio n  of th e  sp leen  sus
pension, tu m o u r resu lted  on ly  in  one out of 9 rab b its .

T A B L E  I I
D istribution o f  métastasés in  rabbits injected intravenously w ith blood o f  the sp len ic  vein

N u m b e r  o f  rab b its L ung L iv e r K idney A d ren a l Spleen B ra in

9 7 5 7 5 l l

D istrib u tio n  of tu m o u rs  in  rab b its  w hich h a d  received in tra v e n o u s ly  
b lood  from  th e  splenic vein  is show n in Table I I .  T um ours were developed 
m ost freq u en tly  in  th e  lungs a n d  kidneys (7 cases), n e x t in  th e  liver an d  ad ren a ls  
(5 cases), in  th e  om entum  (2 cases), and  finally  in  th e  b ra in , spleen, ovaries, 
subcu taneous connective tissu e  an d  th e  calvarium  (1 — 1 cases). The m étastasés  
w ere m ultip le , m ain ly  those in  th e  lungs, kidneys an d  liver. In  these  organs 
a  g rea t num ber of tu m o u r nodes, ranging  in  size from  pinhead  to  h a z e ln u t, 
even w alnu t, could he fo u n d  (Fig. 1—4.)

I t  is no tew o rth y  th a t  in  tw o rabb its  th e re  w as no tu m o u r d e tec tab le  
in  th e  lungs, n o t even m icroscopically , a lthough num erous tum ours appeared  
in  th e  o ther organs.

Discussion

On th e  basis of th e  pecu lia r »indolence« of th e  spleen tow ard  m alig n an t 
tu m o u rs , as has a lready  been  m entioned , several au th o rs  have suggested  th a t  
th a t  organ h ad  an  an tib lastic  p ro p e rty , while o thers ascribe th e  ra r ity  o f splenic 
m étastasés  to  pu re ly  m echan ical factors, i. e. to  th e  special c ircu la to ry  cond i
tio n s of th e  spleen. In  Sapp ing ton 's  (1922) opinion, th e  acute-angled  dev ia tion  
o f  th e  splenic a rte ry  a t th e  s ite  w here it  originates from  th e  coeliac a r te ry  m u st 
be m ade responsible for th e  allegedly  rare en tree  of tu m o u r cell em boli in to  
th e  spleen. T his ex p lan a tio n  is, however, in ad eq u a te , th e  spleen b e in g  .one 
o f th e  m ost frequen t sites o f  throm boem bolism . A ccording to  Kettle  (1912)., 
i t  is th e  rh y th m ic  co n trac tio n  of th e  spleen w hich p rev en ts  the  lodgem en t 
o f  tu m o u r cells. This view  is n o t acceptable e ither, considering th a t  th e  lung, 
desp ite  its  ex tensive  m ovem ents, is one of th e  m ost frequen t sites o f m é ta s 
tasés . Some a ttr ib u te  a role to  th e  lack  of afferen t ly m p h  vessels [2 0 ,4 ] . T his, 
how ever, m ay  be applied  also to  o ther inner organs, since lym ph nodes alone 
possess afferen t lym ph  vessels.
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F ig . 1. Num erous tu m o u ro u s n o d es in  th e  liver o f a  ra b b it  t re a te d  in trav en o u s ly  w ith  blood 
t a k e n  from  th e  splenic v e in  o f  a  rab b it in to  th e  le f t  ven tric le  o f w hich  a cancer cell sus

pension had  b e en  in je c te d . Killed 30 d ay s a f te r  in trav en o u s in jec tio n .

F ig . 2 . Sam e trea tm e n t as in  F ig . 1. L iver show ing num ero u s tum o u ro u s nodes.

F 'ig . 3. Same tre a tm e n t as in  F ig . 1. Large n u m b er o f  tum ourous nodes in  th e  lung . Same
anim al as in  F ig . 2.

Fig. 4. Sam e t r e a tm e n t  as in  F ig. 1. T u m o u ro u s nodes in  th e  k idneys.
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Coman e t al. (1951) observed, sh o rtly  a fte r  in jec tin g  a B row n-Pearce 
cancer cell suspension in to  th e  left ven tric le , tu m o u r cells in  th e  spleen, though 
in  a sm aller n u m b er th a n  in  o ther organs. The tu m o u r cells w ere lodged m ainly 
in  th e  th ick-w alled  arterio les. T he uncom m on occurrence o f m é tas tasés  in  the 
spleen is explained  in  th a t  w ay  th a t  th e  tu m o u r cells canno t leav e  th e  arterioles 
an d  presum ably  th e y  do n o t su rv ive.

Walther’s conception as to  th e  d issem ination  b y  th e  b lood s tream , accord
ing  to  w hich th e  d is trib u tio n  of m étastasés is de te rm ined  solely  b y  hydro- 
dynam ical factors an d  th e  p rim ary  and  secondary  filters (lung  an d  liver) 
com prised  in th e  circu lation , has been criticized la te ly  b y  several a u th o rs . F anjani 
e t al. (1951) ob jec t w ith  reason to  th e  om ission of certa in  biological an d  function
al factors. Soviet au th o rs  em phasize th e  role of th e  n erv o u s system  in  the 
origin of m étastasés. The experim ental d a ta  of Shabad ( 1930) an d  K lenitsky  
(1938) support th e  assum ption  th a t  fo rm ation  of m e ta s ta  ses is n o t an  au to 
nom ous process b u t one depending on th e  s ta te  of th e  w h o le  organism . Petrova 
(1946), on th e  basis of her observations, has a ttr ib u te d  th e  fo r m a tio n  of tum ours 
of d ifferent ch a rac ter and  localization  to  functional lesions o f th e  cerebral 
co rtex . A long series of investigations has been carried  o u t in  Speransky's 
in s titu te  to  exam ine th e  role of th e  nervous system  in th e  m ech an ism  of m e ta 
stasis form ation . Lebedinskaia  an d  Soloviev (1951) have concluded  from  th e ir 
experim en ts th a t  th e  localization  of m étastasés canno t be ex p la in ed  b u t w ith 
th e  p erm anen t tro p h ica l reflexes arising  from  th e  tu m o u r, an d  fu rth e r, th a t 
in  th a t  m echanism  reflexes and  recep to rs of th e  vessels have  w ith o u t doubt 
th e ir  p a rt.

I t  is th o u g h t th a t  th e  resu lts of our experim ents rep o rted  suffice to  support 
a  definite view. The fac t th a t  in travenous in jection  of 1 m l of b lood  tak en  from  
th e  splenic vein a fte r in jec tin g  a cancer cell suspension in to  th e  left ventricle 
has sufficed to  produce generalized carcinosis in  m ost of th e  ra b b its  th u s  trea ted , 
proves th a t  a large num ber of tu m o u r cells had  to  pass th ro u g h  th e  spleen. 
T he findings prove no t only  th e  transp len ic  passage of tu m o u r  cell emboli, 
h u t  suggest a transpvdm onary  passage as well. In  tw o ou t o f 13 ra b b its  trea ted  
w ith  blood from  th e  splenic vein tum ours were nam ely  form ed in  severa l organs, 
in  sp ite  of th e  fac t th a t  no tu m o u r developed in  th e  lungs. T his confirm s th e  
p e rta in in g  s ta tem en ts  of Zeidm an  an d  B uss  (1952).

The even tu a l argum en t th a t  th e  transp len ic  passage were due to  narcosis 
o r  abdom inal m an ip u la tio n , m ust be rep u d ia ted . In  previous experim en ts [11] 
th e  tu m o u r cell suspension h ad  been in jected  w ithou t narcosis o r an y  o ther 
m an ipu la tion  in to  th e  left ven tric le  of 20 rabb its , an d  still no m etas tas is  occurred 
in  th e  spleen of any  of th e  anim als, in  spite of th e  fac t th a t  15 o f th em  died 
w ith  generalized carcinosis.

In  connection  w ith  our s ta tem en t th a t  no tu m o u r could be induced  w ith 
a suspension m ade from  th e  spleen rem oved a few m inu tes a fte r  a tu m o u r cell

2 Acta Morphologica IV/3.
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su sp en sio n  had  been in jec ted  in traca rd ia lly , the  o b jec tion  m ay  be ra ised  th a t  
th is  is m ere ly  a sign of th e  ea rlie r suggested tu m o u r in h ib ito ry  effect o f th e  
sp leen . T his is, however, c o n tra d ic te d  by  the follow ing experim en t. %  m l 
o f a  can ce r cell suspension w as in jec ted  under the  splenic capsule of six rab b its . 
T h ree  o f  th e  anim als d ied  in  10 to  26 days, th e  o th ers  w ere killed on th e  33rd 
d ay . T u m o u r was form ed in  th e  spleen of all th e  s ix  ra b b its . Goldmann had  
s ta te d  a lread y  in 1911 th a t  a  tu m o u r tran sp lan ted  in to  th e  spleen grows ju s t  
as in  a n y  other organ.

O n  th e  basis of th e  ab o v e  resu lts it would seem necessary to revise our 
concepts concerning the rarity  o j splenic métastasés. The rarity  o j metastatic carci
nom a in  the spleen is due to the ja c t that in  general the spleen does not retain the 
tum our cells carried there by the blood stream. Should th is  hold  tru e , th e n  in h ib i
t io n  o r im pedim ent of th e  tra n sp le n ic  cell passage m u st resu lt in  tu m o u r fo r
m a tio n  in  th e  spleen. To p ro v e  th is , th e  following ex p erim en t has been carried  
o u t. V enous congestion w as p ro d u ced  in  one h a lf of th e  spleen b y  ligating  some 
sm all b ranches of th e  sp len ic  vein . 6 days a fte r th is  in te rv en tio n , 1,5 ml of 
a 20 p e r  cent cancer cell suspension  were in tra c a rd ia lly  in jec ted  in to  th e  left 
v e n tr ic le . Tum our developed in  th e  spleen b u t only  in  th a t  p a r t  of th e  organ 
o f w h ic h  th e  small veins h a d  been  ligated.

T h e  question is w h e th e r p resen t knowledge concern ing  th e  blood circu
la tio n  o f  th e  hum an spleen p e rm its  of assum ing th e  tran sp len ic  passage in  
m a n . K ádár  (1951) d e m o n s tra te d  w ith  th e  m icrocorrosion m ethod  th a t  th e  
a rte rio le s  of the spleen open d ire c tly  in  the  sinuses, th e  space of w hich com m uni
ca tes  w ith  the  pulpa, em phasiz ing , however, th a t  th e  ac tu a l com m unication 
b e tw een  sinus and p u lpa  spaces depends on th e  size of th e  openings in  th e  
sin u s, w h ich  are regu la ted  p a r t ly  b y  nervous and  p a r t ly  b y  hum oral factors. 
T h e  an a to m ica l investiga tions of K ádár support in  every  respect th e  tr a n s 
p len ic  passage of tu m o u r cell em boli dem onstra ted  in  our own experim ents. 
I n  th is  process the  p a r t  p la y e d  b y  the  nervous sy stem  is m ost significant ; 
i t  re g u la te s  by way of th e  v a sc u la r  receptors th e  com m unication  betw een sinus 
a n d  p u lp a  spaces, m ak ing  i t  possible th a t  tu m o u r cells carried  b y  th e  blood 
sh o u ld  avoid the pu lpa spaces an d  pass im m edia te ly  from  one system  in to  
th e  o th e r.

Sum m ary

E x p erim en ts  were p e rfo rm ed  w ith  B row n-Pearce ra b b it  c an cer in  o rder to  app ro ach  th e  
cause  o f  th e  well-known in freq u e n cy  o f m e ta s ta tic  carc inom a in  th e  sp leen . B lood ta k e n  from  
th e  sp le n ic  vein  of rab b its a f te r  in tra c a rd ia l  (left v en tric le ) in je c tio n  o f a cancer cell suspen
sion  w as in travenously  in je c te d  to  o th e r  rab b its . G eneralized  carcinosis was th u s  p roduced  
in  9 o u t  o f 13 rabbits. The sp leen  suspension  of th e  in tra ca rd ia lly  tre a te d  ra b b its  has been  in 
je c te d  in to  th e  testicles o f 9 o th e r  an im a ls . A tu m o u r was su b seq u en tly  found  in  th e  te s tis  o f 
o n ly  o n e  anim al.

I t  is concluded th a t  tu m o u r  cell em boli are able to  pass th ro u g h  th e  sp leen . The fin d in g  
su g g ests  also th e  existence o f a  tran sp u lm o n a ry  passage beside  th e  tran sp len ic  one. These 
m ec h an ism s m ay play  an  im p o r ta n t  ro le  in  th e  d is trib u tio n  o f can cer m étastasés . T he nervous 
sy s te m  h as  a considerable p a r t  in  th is  process ; its  effect is supposed  to  consist in  in fluencing  
th e  p e rm e ab ility  of the  filte rs  a n d  consequen tly  th e  possib ility  o f  th e  tu m o u r cell passage.
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ПРОХОД ЭМБОЛОВ, СОСТОЯЩИХ ИЗ ОПУХОЛЕВЫХ КЛЕТОК, ЧЕРЕЗ
СЕЛЕЗЕНКУ

Б. Корпашши, К. Ковач и Т. Тибольди 

Р е з ю м е

Целью авторов было, путем опытов над кроликами, применяя рак Браун— Пирса, 
выявить причину того общеизвестного факта, что метастазы опухолей в селезенке явля
ются редкостью. Кровь, взятая из селезеночной вены кроликов, которым предварительно 
прививали внутрисердечным путем (в левый желудочек) взвесь раковых клеток, была 
впрыснута другим кроликам внутривенно. Среди 13 обработанных таким образом кро
ликов, у 9 животных развился общий карциноз. Затем авторы прививали взвесь, изготов
ленную из селезенки кроликов, привитых внутрисердечно раковыми клетками, в яички 
9 других кроликов. Однако, в данном случае опухоль развивалась в яичке лишь одного 
животного.

Достигнутые авторами результаты доказывают, что состоящие из опухолевых 
клеток эмболии могут проходить через селезенку. Согласно данным исследований следует 
предполагать, что кроме прохода через селезенку существует также проход через легкие. 
По мнению авторов эти механизмы играют важную роль в локализации раковых Метас
тазов. Авторы считают, что в этом процессе большое значение следует приписать нервной 
системе, действие которой, по их мнению, состоит в том, что она влияет на проходимость 
фильтров, и тем самым и на возможность прохода опухолевых клеток.
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